The current review article represents the synthetic routes to all possible classes of bi-and bis-triazole systems along with their research and biological applications. The classification is based on the connection between the two triazole rings.
1-4 Some 1,2,4-triazole derivatives have antibacterial [5] [6] [7] and antifungal 8, 9 properties. Triazole units were incorporated in the core structure of some commercial drugs in the market. For example, Cefatrizine is using as antibiotic, Tazobactum as anti-bacterial agent 10, 11 and
Suvorexant for the treatment of insomnia, was approved by the US-FDA 12 in 2014 ( Figure 1 ). 1,2,3-and 1,2,4-triazoles were also employed as efficient corrosion inhibitors in an acid aqueous medium. 13, 14 Considerable interest is also focused on the synthesis of bi-heterocycles, due to their wide range of applications. For example, 3,3`-bi-1,2,4-triazoles have proved to possess bactericidal, fungicidal, and anthelmintic activities. 15 Some bis-triazole-based commercial drugs are also available in the market, for example Fluconazole, Itraconazole and Posaconazole were used as antifungal drugs and Vorozole as antineoplastic drug ( Figure 1 ). Fluconazole was the first-line bis-triazole-antifungal drug recommended by World Health Organization (WHO). [16] [17] [18] [19] Nonsymmetric 1,3`-Bitriazole derivatives were reported to have antiviral activity against tobacco mosaic virus and exhibited powerful antiproliferative effects on different cancer cell lines. 20 The application of bitriazoles as chelating N-heterocyclic carbene ligands for ruthenium(II), palladium(II), and rhodium and their applications in catalytic organic synthesis have also been reported. 21, 22 The coordination chemistry of the -electron excessive bi-1,2,4-triazole ligands was also intensively explored for synthesis of coordination polymers with unique properties. [23] [24] [25] [26] [27] In the view of the above results and in connection with our previous review articles about biologically active heterocyclic systems, [28] [29] [30] [31] [32] [33] we prepared this review to disclose the intensive survey on the synthetic routes to symmetrical and nonsymmetrical bi-and bis-triazole systems ( Figure 2 ) and their applications reported in the literature until the end of 2017. 
Synthesis and Application of Bitriazole Systems

1,1`-Bi-triazoles
Treatment of 3,4-phthaloylisatoic anhydride 1 with oxamide-dihydrazone 2 in nitrobenzene and pyridine at 150 °C, followed by treatment with polyphosphoric acid at 130 °C, then 175°C afforded the 5,5'-bis(1-amino-2-anthraquinonyl)-1,1`-bi-1,2,3-triazole derivative 3 (Scheme 1). 
Scheme 2
The 1,3`-bi-triazoles 10 and 12 were prepared by a nucleophilic substitution reaction of the sodium salt of 1,2,4-triazole 8 with the halotriazole derivatives 9 and 11, respectively (Scheme 3). 
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Scheme 4
The nucleophilic aromatic substitution reaction of 1,3-dinitro-1,2,4-triazole 14 with sodium salt of 3-nitro-1,2,4-triazoles 15 in methanol and sodium carbonate at room temperature furnished the 1,5`-bi-1,2,4-triazole derivatives 16 (Scheme 5). 38 The bi-triazoles 16 exhibited various energetic properties with high thermal stability and low sensitivity. 
Scheme 5
The synthesis of the 1,5`-bitriazole derivatives 18 was conducted under mild conditions, where the azidotriazole derivative 17 was readily engaged in a copper(I)-catalyzed Huisgen reaction with various terminal acetylenes 5. Treatment the bi-triazolyl compounds 18 with NH 3 /MeOH led to the formation of the corresponding amides 19 (Scheme 6). 39 
Scheme 9
The bi-1,2,4-triazolo[a,c]quinoxaline derivatives 32 were prepared via reaction of 2,3-dichloroquinoxaline 29 with the acid hydrazide derivatives 30, followed by thermal cyclization via refluxing the resulting quinoxaline derivatives 31 with phosphorus oxychloride in an oil bath at 140 °C (Scheme 10).
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Scheme 10
Reaction of oxalic acid dihydrazide 33 with isothiocyanates yielded the respective thiosemicarbazide derivatives 34. Cyclization of 34 in alkaline medium afforded the corresponding 4,4'-substituted-5,5'-mercapto-3,3`-bi-1,2,4-triazole 35 (Scheme 11). 
Scheme 11
Reaction of oxalo-bis-hydrazide 33 with carbon disulfide followed with hydrazines afforded the 3,3`-bi-1,2,4-triazoles 37. Also reaction of the oxalo-bishydrazide 33 with carboxylic acids gave the bioxadiazoles 38 which on treatment with hydrazines or amines yielded the 3,3`-bi-1,2,4-triazole derivatives 39 (Scheme 12). 
Scheme 15
Heating diformylhydrazine 47 and 3-amino-1H-1,2,4-triazole 48 in a Teflon-lined stainless steel autoclave in a furnace at 170°C for 3 days yielded the 3,4`-bitriazole derivative 49 in 80% yield (Scheme 16). 
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Scheme 17
An alternative synthesis of 1,1`-diphenyl-4,4`-bi(1,2,3-triazole) 52 (R = Ph) was reported in two steps; firstly reaction of anilines with tert-butyl nitrite then trimethylsilyl azide to obtain aryl azide. Afterward, 1,4-bis(trimethylsilyl)buta-1,3-diyne 50, pyridine, potassium carbonate, CuSO 4 .5H 2 O and sodium ascorbate in H 2 O were added to give 55 in 51-85% yield (Scheme 18). 
Scheme 18
Using the click copper-catalyzed azide alkyne cycloaddition (CuAAC) condition, the reaction of 1,4-bis(trimethylsilyl)butadiyne 50 with two equivalents of epi-azido quinine 55 led to the formation of the 4,4`-bi(1,2,3-triazole) derivative 56 in excellent yield (Scheme 19). The bitriazole 56 was applied as ligand in several copper-catalyzed asymmetric Michael-type addition reactions. 
Scheme 21
The 4,4`-bi-1,2,3-triazole derivatives 64 were obtained smoothly and in high yields by cycloaddition reactions of compound 63 with alkyl azides 51 (Scheme 22). 23) . 63 The 4,4`-1H-1H-bi-1,2,3-triazole 67 was reported as capable of mimicking the hydrogen bonding of water in the solid state and was able to conduct protons in the presence of poly(ethylene oxides) under anhydrous conditions. The bitriazole 67 was found to have sufficient thermal and electrochemical stability for fuel cell applications. 
Scheme 26
When 
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Scheme 27
The reaction between 4-amino-3,5-dimethyl-4H-1,2,4-triazole 85 and bis(α-chlorobenzylidene)hydrazine 86 in refluxing xylene yielded 3,3`-dimethyl-5`,5`-diphenyl-4,4`-bi-4H-1,2,4-triazole 87. Initial nucleophilic displacement of chlorine in 86 by the amino group followed by an intramolecular ring closure and subsequent elimination of diazoethane to give 89 was disclosed. Repeating this reaction at the second imidoyl chloride centre yielded the 4,4`-bi-1,2,4-triazole derivative 90 (Scheme 28). Scheme 32
4,5`-Bi-triazoles
The 4,5`-bitriazolyl acyclonucleosides 107 were synthesized in good yields via a one-step Huisgen cycloaddition reaction using sodium azide and the 5-alkynylyltriazole acyclonucleosides 106 in DMF at 90°C (Scheme 33). The synthesized bitriazolyl compounds exhibited potent antiviral activity against tobacco mosaic virus and were devoid of any notable toxicity. 
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Scheme 33
The 4,5`-bitriazolyl acyclonucleosides 109 were synthesized in excellent yields via the copper catalyzed cycloaddition reaction of aryl azides and the 5-acetynylyltriazole acyclonucleoside 108 in THF-water followed by ammonolysis with NH 3 /MeOH mixture (Scheme 34). The synthesized compounds exhibited powerful antiproliferative effects on numerous cancer cell lines. 
Scheme 35
Cycloaddition of phenylacetylene 5 and benzyl azide using catalytic amount of copper(I) iodide in the presence of NaOH yielded the 5,5`-bi-1,2,3-triazole derivative 111 via the intermediates 112-114 according to the reaction mechanism depicted in Scheme 36. 
Scheme 36
The oxidative dimerization was extrapolated in the copper-mediated Huisgen reaction of the terminal alkynes 5 with azides 51 to yield the 5,5`-bi-1,2,3-triazole derivatives 115 under basic reaction conditions (Scheme 37). 
Scheme 37
Trimethylsilylacetylene 116 and 2-(3-thienyl)ethynyltrimethylsilane 118 were also reported as effective substrates for the cycloaddition with benzyl azide and oxidative dimerization to give the corresponding 5,5`-bitriazole derivatives 117 and 119 in 25 and 38% yields, respectively (Scheme 38). 
Scheme 38
Heating the oxalo-bis-hydrazide derivative 120 in water in the presence of bases, (alkali metal carbonates, or guanidinium or aminoguanidinium carbonates) at a molar ratio of 1:2 and subsequent acidification of the mixture resulted in the formation of the corresponding 5,5`-bi(3-nitroamino-1,2,4-triazole) salts 121 in excellent yields (Scheme 39). . 95 The naphthalene-bridged bis-triazole derivatives 138 were reported to be potential fluorophores for chemical and biological applications and showed high fluorescence efficiency and large Stokes shifts. 
Scheme 45
Synthesis of the bis-1,2,3-triazole derivatives 144 was conducted starting from a azido-glycoside derivative 143 using CuI-catalyst under microwave irradiation condition. The azide 143 was treated with different terminal alkynes 5 using PMDETA (N,N,N,N,N-pentamethyldiethylenetriamine) as the base in THF (Scheme 46). 
Scheme 46
Symmetrically substituted bis(1,2,3-triazoles) 146 having butyl or phenyl spacer groups were synthesized in high yields from reaction of the corresponding dialkynes 145 and benzyl azide using copper(I) oxide nanoparticles (Cu 2 ONP) in glycerol (Scheme 47). 
Scheme 47
The copper-catalyzed coupling bis-alkynes 147 with various organic azides 51 afforded the corresponding bis(1,2,3-triazole) derivatives 149 through 148 using the polymer-supported catalyst Amberlyst A-21•CuI in DCM at room temperature (Scheme 48). 99 Some of the bis-triazole products 149 showed noteworthy activity against B16 melanoma included in the range 1-20 μM. 
Scheme 49
Thermally driven [3+2] cycloadditions of internal bis-ynamides 152-154 with benzyl azide led to the formation of the bis(1,2,3-triazole) derivatives 155-157 in moderate yields (Scheme 50). 101 The bis-1,2,3-triazolyl benzothiadiazole derivative 160 was synthesized by ruthenium-catalyzed azide-alkyne cycloaddition between the benzothiadiazole bis-alkyne 158 and azido alanine 159 in 52% yield as shown in Scheme 51. Photophysical studies demonstrated the crucial role of the prepared bistriazole 160 in the design of new fluorescent chemosensors. 
Scheme 54
Synthesis of bis-1,2,3-triazoles 177 via Cu(I)-catalyzed click reaction of aryl azides and 1,3-bis(prop-2-yn-1-yloxy)benzene 176. The latter were synthesized from the reaction of resorcinol with propargyl bromide in the presence of potassium carbonate (Scheme 55). 
Scheme 55
Copper(I)-catalyzed click reaction of the bis-alkyne derivatives of catechol 178 or 6,7-dihydroxycoumarin 181 with the azide esters 179 yielded the corresponding bis-1,2,3-triazole derivatives 180 and 182 respectively in high yields (Scheme 56). 
Scheme 57
The "click" reaction of diazeniumdiolate prodrugs having terminal alkyne groups 188 with the bis-azide 187 was performed using CuSO 4 /Na-ascorbate in THF/water. The reaction proceeded quickly (15-45 min) and gave a mixture of two products. The major product was in each case the bis-triazole derivative 189 and the minor product was 5,5′-triazolo-triazole 190. The use of CuI and diisopropylethylamine (DIPEA) as base predominantly gave the cycloaddition/oxidative coupling products; 5,5′-triazolo-triazole 189 as major products (Scheme 58). 109 The products were reported to have potential biological applications as NO-donors. 
Scheme 61
The reaction of 4-amino-1,2,4-triazole 74 with sodium dichloroisocyanurate (SDCI) afforded the bis(1,2,4-triazole) derivaive 203 in 90% yield. Increasing the molar ratio of SDCI to 4-amino-1,2,4-triazole, the chlorinated bis(1,2,4-triazole) 204 was formed in 45% yield (Scheme 62). 
Scheme 62
Reaction of the amine bis-bromide compounds 205 reacted with 1H-1,2,4-triazole in the presence of potassium carbonate in acetonitrile at 40-70 C to give the corresponding amine bis(1,2,4-triazole) derivatives 206 in 67-75% yields (Scheme 63). 114 The obtained bis-triazoles 206 exhibited more potent antifungal activity than the clinically prevalent antifungal drug Fluconazole against C. albicans with MIC value of 0.25 mg/mL. 
Scheme 63
Reaction of terephthalic acid bis-hydrazide 207 with aryl iso(thio)cyanate in DMF in the presence of sodium hydride followed by treatment with concentrated HCl afforded the corresponding (thio)semicarbazide 208. The bis-(thio)semicarbazides on treatment with sodium hydroxide led to the formation of the bis(1,2,4-triazole) derivatives 209 in 64-69% yields (Scheme 64). 
